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= Subtopics with science traceability, infusion potential
= Should articulate specific benefits for NASA missions and goals
= When possible, should trace to science mission requirements

= Development tasks appropriate to small businesses
= No “critical path” deliverables or large, complex systems

= End product/capability should also provide a path to an attractive
return on investment for small business

= Planning for approximately three Phase 1 and one Phase 2
awards with superior infusion potential per Subtopic

= Topics that are too broad or too narrow may miss this goal
= Good proposals should get “cradle-to-grave” support from NASA
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Large Optics: The Optics Branch has developed
specialized mirror mount designs for a highly light
weighted primary mirror to maintain its position to the
micron level without distorting it. The primary mirror is
from ITT, and is a ULE fused silica ultra-lightweight
sandwich mirror.

Visible Nulling Coronagraph Technology
Development: The Extra Solar Planetary Imaging
Coronagraph (EPIC) is a mission concept to directly
detect and characterize extra-solar planets. The VNC
is a critical technology to realize EPIC, and relies on
Irllurl]ling technology to separate starlight from planet
ight.

Wavefront Sensing: This technology supports a
variety of optical characterization and control tasks
that utilize image based optical wavefront sensing.
Using the image based approach, optical sensing
hardware is replaced by a computational approach
where a digital camera serves as the wavefront
sensor.

Development of an Ocean Radiometer for Carbon
Assessment (ORCA) prototype: This recently funded
IIP proposal is designed to meet the future
measurement requirements of the NASA Ocean
Biology and Bio-Geochemistry program. Funds are
provided to build an ORCA prototype consisting of a
rotating telescope assembly and an internal spectral
calibrator subsystem.

Visible Nulling Coronagraph Test Bed
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SBIR Optical Measuring Technigue Applied to Projects:

Under the PY03 SBIR phase Il project, Bauer Associates, Inc. of Wellesley, MA developed a
working prototype instrument that utilizes a non-interferometric, optical technique for measuring
absolute aspheric shape over the full surface of large mirrors to the nanometer level, without the
need for known reference surfaces. Recently, Bauer worked with the Smithsonian Astrophysical
Observatory to use the prototype to measure the surface of NASA'’s High- Resolution X-Ray
Explorer (HIREX) Pathfinder mirror. COTR: Timo Saha (GSFC, 03/23/08)

Goddard Innovation Fund to Advance STTR Technology:

The Phase Ill to Trex Enterprises Corporation and University of Alabama at Huntsville is an
extension of the PY0O3 STTR Phase Il project entitled “High Volume, Low-Cost Production
Process for High-grade Silicon Carbide Optics.” The specific objective is to demonstrate
corrective grinding and figuring of a SiC mandrel. This would enable the demonstration of x-ray
mirror fabrication from a SiC mandrel and comparison of x-ray mirrors from a SiC mandrel and
from a fused quartz mandrel. The targeted application is Constellation-X project. The
Constellation-X Observatory is a combination of several X-ray telescopes working in unison to
generate the observing power of one giant telescope. COTR: Dave Content. (GSFC, 06/22/08)

SBIR Mirror Concept Enables EPIC Mission Concept:

Advances in MEMS and control electronics technology based on a PY05 SBIR Phase Il project
with Iris AO, Inc. enable the scaling up of extreme-precision MEMS deformable mirrors for EPIC
(Extrasolar Planet Imaging Coronagraph) concept. EPIC is a Discovery Mission concept
designed to directly image and characterize extrasolar gas giant planets at typical distances of 2
to 20 AU from the parent star. COTR: Rick Lyon. (GSFC, 8/24/08)
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S2 Advanced Telescope Systems
S2.05 Optics Manufacturing and Metrology for Tetgse Optical Surfaces

This subtopic focuses primarily on manufacturing androlegy of optical surface
especially for very small or very large and/or thptics. Missions of interest include:

JDEM conceptshtp://universe.nasa.gov/program/probes/jdem atmi
IXO (http://ixo.gsfc.nasa.goy/

LISA (http://lisa.gsfc.nasa.gov/

ICESAT (http://icesat.gsfc.nasa.gdyCLARREO, and ACE

Optical systems currently being researched forethmasssions are large area asph:
requiring accurate figuring and polishing across arders of magnitude in period
Technologies are sought that will enhance the @gymality of optics in any range
long as the process does not introduce artifactshier ranges. For example, np@rioc
polishing should not introduce waviness errors at2Benm or 0.05 mm periods in 1
power spectral densityAlso, novel metrological solutions that can meadigure error
over a large fraction of the PSD range are sou@specially techniques a
instrumentation that can perform measurements while thic ds mounted to tt
figuring/polishing machine.

Of particular interest is the area ofay optics metrology, including the evaluation lod
optical quality of x-ray mirrors and substratelse tgeneral characterization ofray
mirrors; and the development of new metrology meament techniques a
instrumentation for -ray mirrors
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By the end of a Phase 2 program, technologies breugieveloped to the point where
technique or instrument can dovetail into an emxgstoptics manufacturing facili
producing optics at the R&D stage. Metrology instamts should have 10 nm or be
surface height resolution and span at least 3 sroérmagnitude in lateral spa
frequency.

Examples of technologies and instruments of intenetude:

*Interferometric nulling optics for very shallow izgal optics used in x-ray telescopes.
*Segmented systems commonly span 60 degrees in azemdtR00 mm axial length a
cone angles vary from 0.1 to 1 degree.

*Low stress metrology mounts that can hold very tbptics without introducin
mounting distortion.

*Low normal force figuring/polismg systems operating in the 1 mm to 50 mm p:
range with minimal impact at significantly smalberd larger period ranges.

*In-situ  metrology systems that can measure optics pravide feedback -
figuring/polishing instruments without removing thart from the spindle.

*Innovative mirror substrate materials or manufaotumethods that produce thin mir
substrates that are stiffer and/or lighter thastexg materials or methods.

*Extreme aspheric and/or anamorphic optics for pugéensity anplitude apodizatio
(PIAA).

Proposals should show an understanding of one ok malevant science needs,
present a feasible plan to fully develop a techgpland infuse it into a NASA program.




2005
2006
2007
2008

Total

Phase 1

21% (6/29)
25% (2/8)
38% (3/8)
54% (7/13)

31% (18/58

Phase 2
67% (4/6)

100% (2/2)
33% (1/3)

64% (7/11

S2.05 Award Statistics




2005 SBIR

Phase 1 29 Submitted 6 Selected

S4.04-8021 High Resolving Power Volume Diffractive Gratings for 400-2700 nm SpRatrge, OptiGrate
S4.04-8169 Fast Picometer Mirror Mount, Nightsky Systems, Inc.

S4.04-8389 High-Density Diffraction Imaging and Non-Imaging Grating ElementsUvrand X-ray
Spectroscopy Fabricated by DUV Reduction Photolithography, LightSmytmokgies

S4.04-8886 Nonintrusive Optical Thermometers for Real-Time Control ofdasibn Processes, Los Gatos
Research

S4.04-9332 Extreme-Precision MEMS Segmented Deformable Mirror, @is A
S4.04-9574 Edge Control in Large Segmented Optics using Zeeko Polishing Technology, Zeeko

Phase 4 Funde:

S4.04-8021 High Resolving Power Volume Diffractive Gratings for 400-2700 nm SpRatrge, OptiGrate

S4.04-8389 High-Density Diffraction Imaging and Non-Imaging Grating ElementsUyrand X-ray
Spectroscopy Fabricated by DUV Reduction Photolithography, LightSmytmolgies

S4.04-8886 Nonintrusive Optical Thermometers for Real-Time Control ofdasibn Processes, Los Gatos
Research

S4.04-9332 Extreme-Precision MEMS Segmented Deformable Mirror, @is A




2006 SBIR

Phase 1 8 Submitted 2 Funded

S4.04-8127 Programmable Relaxor Open-Loop Mirrasmty Imaging Spatial Encoder
(PROMISE), Xinetics, Inc.

S4.04-9893 An Instrument for Inspecting Aspheridi€g Surfaces and Components,
MetroLaser, Inc.

Phase Il 2 Funded

S4.04-8127 Programmable Relaxor Open-Loop Mirrasmt) Imaging Spatial Encoder
(PROMISE), Xinetics, Inc.

S4.04-9893 An Instrument for Inspecting Aspheridi€g Surfaces and Components,
MetroLaser, Inc.




2007 SBIR

Phase 1: 8 Submitted 3 Funded
S2.05-8391 Reactive Atom Plasma Processing of Slumped Glass Wedges,ndagtfids, Inc.
S2.05-9744 The Affordable Pre-Finishing of Silicon Carbide for Optical Aajpdins, Creare, Inc.

S2.05-9745 Novel Materials for Mirror Substrate in Space Telescopes, Advsliaterials Technology, Inc.

Phase 2: 1 Funded

S2.05-9744 The Affordable Pre-Finishing of Silicon Carbide for Optical Aapdios, Creare, Inc.




2008 SBIR

Phase 1 13 Submitted 7 Funded

S2.05-8681 High Reflectivity, Broad-Band Silver Coating, Surface Opbtiggdtation

S2.05-8983 Low-Stress Iridium Coatings for Thin-Shell X-Ray Teles¢opeftective X-ray Optics, LLC

S2.05-9001 Application of Zeeko's Novel Random Tool Path for Improvement of SB®&xeZeeko Technologies, LLC
S2.05-9323 Submicron Composite Mirror Replication, DR Technologies, Inc.

S2.0%-9500 Super Polishing of Aluminum 6(-T6 Mirrors, Microengineered Metals, Ir

S2.05-9876 High-Speed Scanning Interferometer Using CMOS Image SensoiGh@&sed on Multi-Frequency Phase-
Tracking Detection, Nanowave

S2.05-9938 RAP Figuring Slumped Mirrors to Remove Mid-Spatial Frequenass ERAPT Industries, Inc.




NASA SBIR/STTR Technologies
5$2.05-9876 - High-Speed Scanning Interferometer Using CMOS
Image Sensor and FPGA Based on Multi-Frequency Phase-Tracking De
Tetsuo Ohara
NanoWave, Inc- Satton, Ma
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5 good potential 35 an
ing rely on a

05 imape sensor in
detection with
3 heghty £ on can
tramsfoem m =d and sub-nanometer

iefrobogy tools with only minar modificatian

Expected TRL Range at the end of Contract : 4

Techmical Objectives NASA Applications
1. Verilog code opfimization for the proposed system and code 1. In-situ scanning metrology for large Opfics
implementation on a low cost, single FPGA chip. 2. In-situ mefrology for micro Optics
2. Demonstrate the perfformance of proposed system, specifically: . L
. Sensor bandwidth (real-ime measurement) =500Hz Non-NASA Apphications )
Il Phase resolution at 18 bit per 2w rad 1 E'E'-ﬁ storage metrology (HOD disk flainess etc
1] Maximum scanning speed = Tmisec 2. Fim thickness measurement
. . 9 RIS o - cc monitorino
IV. Dynamic range of more than 1.03e5 rad 3. MEMS {Metrology and process maonitoring
4. Semiconductor wafer process monitoring
T 5. Opfical coherent tomography
Work Plan ' ograpTy
8. Laser Doppler vibration sensar
1. FPGA signal processing coding for mulfi-frequency phase fracking
detection
2 Construction of virtual Signal Generation Platform and simple test Fion Contacts
finture

Tetsuo Ohara (Principal Investizator)

3 Testing and performance verification.
tetznoja nanowave.com

NON-FROPRIETARY DATA




NASA SBIR/STTR Technologies
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51.05-9938 RAP Figuring slumped mirrors to remove mid-spatial frequency errors m R

PI: Pradeep Subrahmanvan
RAPT Industries, Inc.- Fremont, CA

Identification and Significance of Innovation

Futune lightwelght grazing Inclence mimoes such 35 Conslzlaion-X require signiicant
amounts of optical area. To accommedate this In 3 grazing Incldence deslgn, axiremely
nim mirrors are formad In concentric shell comlgurations. A °Fabricate and AssembiEe™
technigue has boen demonsiratad win such thin, lightwelght shells. However, e
optical surface s found to contain 3 significant amount of mid-spatial frequancy emors. i
&5 proposed 20 demonstrats a sub-aperture Sguring techrique that does not Impart mid-
spanal frequencles to the aptical subsirate geametrias planned far Infegradian into next-
generatian X-ray

The RAF process Is well suited for processing ightwelght aptics given the non-contact
nature of ihe process. We plan on adapting the RAP process io the optical figuing of
the slumpad mimars o remave the mid-spatial e Fesuting from e release agent.

Expected TRL Range at the end of Contract (1-9):

Technical Objectives and Work Flan

The maln fechnical objective I o demonsirate the abillty of the RAP procass bo Impart
mirimal mid-spatial frequancies ono a fiat substrats Intznded for wse In the
Constaliation-X during newiral removats and figuring to a flat prescription. The
secondary objechves are o 1) Characierize the mid-spatial frequency emors on
shmped optics. 2) Determine the requirements on Gausslan spot slze 3s required. 3)
Determine the right archikecturs for varying spot size for Implamentation In phass I, In
onder to achieve these three objectives, RAPT industries, Inc. dvidad the project info
twe major tasks:

Taek 1: Figuring of apfical surface — Two 4xd BET flats will be both igured and freabed
o neutral removals o better unsersiand the prosess transfer funchion.

Tagk 2: Characterzafion of mikl-spatials — Work cisely wiih MASA persannel io
deserming enmars 3 3 funcikn of spailal requancy o real sumped mirors (3t least
twa deslgne) and develop the right Gausstan spot sizes io figure such mimors In 3
time-aMective manner. The achial Implementation of the deselopments wil ba In Phase
.

NASA and Non-NASA Applications

Fiey NASA applications Ihat could Immediatzly use the fechnalogy are thase
Ivolving high enengy X-ay tHiescopes such as NUSTAR and Conselation-X. The
technalogy Developed |5 a0 applcatie o otmer NASA programs that s=ex to
mirimize payload wihout sacriiing sensor performance. Beslies X-ray opiics, the
{echnology can be used on oiher giass based astronomy programs.

Other optics appiications Invoive lthography, survellance fracking and fire-
conirl syEtems with various commerclal and Dol agencles. Making precision
surfacas wiih a high aspect ratlo |s @ comman problem across optics,
semiconductars, semiconductors, phoio-veitales et The high
aspact ratio results. om a need i raduce mass (35 In the case of Ightweight
mimars}, Impeowve Mpmmmmmg a5 In semiconduciors),
decrease costs (35 In photo-voltalcs). The methans developed In Phase 1 can
be appiied o the rapid manutaciuning of such surtaces in these oiher areas.
RAPT Intusinies, Inc. has already commerciaized the edge ceaning of sami-
conducior waters through 3 licensing amangement wit Accretech, USA.

Fim Contacts
Praeep Subranmanyan, Ph.0.. PresiientiCED TEL: 510-933-1001

NON-PROPRIETARY DATA




Identification and Significance of Innovation
=Al 6061-T6 mirrors have been super-polished to <3 Angstroms ms

surface roughness (@20x).

*The technology addresses NASA’s need for a cost-effective Al
polishing method that removes diamond point tuming (DPT) grooves
thereby enhancmg optical properties and extending optical utility.
*Super-polishing improves signal to noise, reduces beam dispersion,
eliminates need for overcoating with Nickel or elemental Aluminum
=Successfl transfer of process onto 3D platform would enable the

NASA SBIR/STTR Technologies
52.05-9500 - Super-Pohishing of Al 6061-T6 mirrors

PI: Susan Wilson, PhD
Microengineered Metals, Inc. — Yorkville, TL

Fig 2. Super-polished Al 6061-TG

mamufacturing of more advanced mirrors (aspheres). ::E;“I:IET:;}T BUREHIS & 20X
Expected TRL Range at the end of Confract (1-9): TRL 3-4
. o NASAApplications:
Zcchnical Objectives _ - * IR mirrors for SAFIR
*Demonstrate the feasibility of transferrng the 2D super-polishing «X.-ray mirrors for IO
process for Al 6061-T6 phu; mumors onto the Zeeko IRPElII _3D *Cryogenic mirers for TPF
polisher, successfully polishing away DPT grooves and achieving *Repolishing of existing DPT mirrors

= 10 Angstrom ms surface roughness on 2" planar murror.
«Polish a 2-inch Al 6061-T6 £/8 sphere removing all DPT grooves.

*Concentrating Selar Power mirmors

M o _ o *Femote Sensimg, reconnalssance, IMAZING mirrors
«Utilize DOEs to identify best tool settmgs to minimize surface *Fast steering mimors

roughness and TEmove _D'PT grooves. _ =Mimorz for high-contrast microzcopes

*Develop robust polishing process that minimizes noise. .

+Test random tool path algorithm to minimize polishing tracks. Firm Contacts:

«Super-polish f8 sphere to demonstrate 3D techmigue.
*Ram iitial test of Zeeko-jet polishing with super-polishing slurry

NON-PROPRIETARY DATA

Susan Wilson, PhD, BT, CEQ, Microengineered Metals, 630-553-2023
Robert Banwart, MBA, COO, Microengineered Metals, 740-277-9610




In Conclusio
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GSFC has a robust and productive SBIR
program In the Optics area, with high
guality proposals being submitted every
year, leading to advances in key Optics
Technologies.




